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Variations in chlorophyll a/b and chlorophyll/carotenoid ratios are indicators of senescence, stress or 
damage to the photosynthetic apparatus and affect the normal course of plant biological processes. The 
aim of this work was to investigate the chlorophyll (a and b) and carotenoid content and ratios in the 
leaves of four Vitis vinifera L. table grape cultivars in the main phenophases of the annual biological 
cycle. During the annual cycle, the moisture content of the leaves decreased significantly (up to 21%), 
along with a reduction in leaf area and perimeter. Chlorophyll a and b showed a continuous accumulation 
until grape véraison, with lower values of the Chl a/b ratio at the beginning of the vegetative period. 
Carotenoids continued their biosynthesis until grape ripening (for another 30 days), at which stage there 
was a significant decrease in the chlorophyll/carotenoid ratio (2.62 ± 0.31). At véraison, peroxidase had 
the most intense activity (0.20 to 0.51 U/mg), possibly because of involvement in chlorophyll degradation, 
while total phenolic content started to decrease. Grape véraison could be regarded as the starting point of 
foliage senescence. Moreover, the relationship between total chlorophyll (by extraction) and chlorophyll 
content index (non-destructive method) was very significant (R2 = 0.92). These results contribute to a better 
understanding of foliar pigment dynamics and the timing of their decline in order to define the behaviour 
of table grape cultivars during the annual biological cycle.
INTRODUCTION
The annual life cycle of grapevines is a process that takes 
place in the vineyard each year, beginning with bud burst in 
the spring and culminating with leaf fall in autumn, followed 
by winter dormancy (Creasy & Creasy, 2009). The annual life 
cycle comprises all morphological and biological changes 
with a periodic character through which the grapevine passes 
in a calendar year. These changes are called phenological 
stages (phenophases) and have a specific starting and ending 
time and a hereditary character (Wang et al., 2014). The 
occurrence and duration of phenological phases is influenced 
by climatic factors, and it should be noted that, under the 
same climatic conditions, the annual life cycle varies by 
cultivar (Jones & Davis, 2000). In the temperate continental 
climate, the annual cycle of grapevines lasts about 160 to 
220 days.
Chlorophylls (Chl) are probably the most important organic 
compounds on earth, as they are required for photosynthesis 
(Davies, 2004; Willows, 2004). Photosynthesis in plants 
is dependent upon capturing light energy in the pigment 
chlorophyll, and in particular chlorophyll a (Blankenship, 
2014). Photosynthetic activity is a very intense process (5 
to 11 μmol CO2/m2/s) that provides all the organic material 
needed for the growth and life activity of the plant (Popescu 
& Popescu, 2014). This is why photosynthesising cells have 
to contain large amounts of assimilatory pigments (up to 5% 
of total dry solids; Rabinowitch & Govindjee, 1969). In most 
species, the photosynthetic pigment content of the leaves 
provides valuable insight into the physiological performance 
of plants (Sims & Gamon, 2002). Moreover, the assessment 
of photosynthetic pigments, and consequently their 
relationships, is an important indicator of leaf senescence 
(Netto et al., 2005). 
Chlorophyll is a bright green natural pigment found in 
all photosynthetic plants, allowing them to absorb energy 
from light (Hörtensteiner & Kräutler, 2011). Forms a and 
b are the major types of chlorophyll that predominate in 
the chloroplasts of all higher plants (Willows, 2004; Raven 
et al., 2005). Most analytical studies have reported the total 
chlorophyll contents as the sum of Chl a and Chl b (Lanfer 
Marquez & Sinnecker, 2008). On the other hand, carotenoids 
are a large group of deeply red or yellow lipophilic accessory 
pigments (Pfander, 1992). Carotenoids are found in all 
photosynthetic organisms, being involved in photosystem 
assembly, and contribute to light harvesting by absorbing 
light energy in a region of the visible spectrum where 
chlorophyll absorption is lower and by transferring the energy 
to chlorophyll (Britton, 2008). Also, carotenoids provide 
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protection from excess light, free-radical detoxification and 
limiting damage to membranes (Cuttriss & Pogson, 2004).
Variation in the Chl a/b and Chl/Car ratios is often 
used as an indicator of senescence, stress or damage to the 
photosynthetic apparatus (Merzlyak et al., 1999; Gitelson 
et al., 2009; Fassnacht et al., 2015). The Chl and Car content 
of V. vinifera L. leaves varied within large limits, depending 
on cultivar, environmental factors and phenophase (Mendes-
Pinto et al., 2005; Gitelson et al., 2009). 
V. vinifera L. is a hardy vine adapted to full sun or part 
shade, native to western Asia and Europe between 30 and 
50°N (Keller, 2010; Warren, 2013). Willows (2004) and 
Mittal et al. (2011) reported that the Chl a/b ratio varies 
between 2.0 to 2.8 for shade-adapted plants and 3.5 to 4.9 
for plants adapted to sunny conditions. According to Gross 
(1991), Chl a is the major pigment in mature leaves and 
Chl b is an accessory pigment, and they exist in a ratio of 
approximately 3 to 1. In V. vinifera L. leaves, the Chl a/b 
ratio is maximum at the beginning of the vegetative period, 
reaching 3/1, and decreases during grape ripening, while the 
Chl/Car ratio may reach 4/1 (Keller, 2010). 
Chlorophyll loss is associated with environmental 
stress, and the variation in total Chl/Car ratio may be a 
good indicator of stress in plants (Netto et al., 2005). Very 
low or high temperatures in the growth environment may 
be detrimental to various metabolic processes, including 
Chl formation (Markwell et al., 1986). Lisar et al. (2012) 
found that water stress inhibits chlorophyll synthesis, while 
carotenoids are less sensitive. In the leaves of C3-type plants, 
high temperatures led to a decrease in the Chl a/b and Chl/Car 
ratios (Aien et al., 2011). In parallel, the cultivar influences 
the accumulation of photosynthetic pigments through the 
morphological and anatomical particularities of the leaves: 
area, perimeter, and thickness of mesophyll (Salem-Fnayou 
et al., 2011). The size (area) of the leaf blade is a crucial 
parameter, as it determines photosynthetic activity. It is 
affected by the structure of the vine, training and trellising 
system, and even microclimate (Bodor et al., 2013).
There has always been a need for methods that measure 
the in situ properties of plants. Ideally, these methods 
should be non-destructive so that they do not impair the 
plant and permit the retesting of the properties over time. 
In our research, leaf chlorophyll content was determined 
by two independent methods: spectrophotometry (acetone 
extraction) and using an OptiSciences CCM-200 plus 
chlorophyll content meter (non-destructive method), with the 
aim of comparing the results. The conventional extraction of 
leaf chlorophyll with acetone or similar organic solvents is 
laborious, time consuming and always destructive, requiring 
tissue extraction and spectrophotometric measurement 
(Lichtenthaler, 1987; Biber, 2007). Previous research 
conducted on different species showed significant linear 
correlation of total chlorophyll (by spectrophotometry) 
and chlorophyll content index (CCI) values, although with 
large differences in terms of data correlation (Van den Berg 
& Perkins, 2004; Ghasemi et al., 2011; Khaleghi et al., 
2012; Callejas et al., 2013). The lack of a more consistent 
relationship between total chlorophyll by extraction and 
CCI values (non-destructive) for different V. vinifera L. 
genotypes and in different phenophases limits the potential 
use of the CCM-200 plus instrument for this specie (Filimon 
et al., 2014).
Several studies concluded that peroxidases can catalyse 
the type II degradation of chlorophyll (“bleaching”) as an 
alternative route for chlorophyll biodegradation (Hynninen 
et al., 2010). Peroxidases (E.C. 1.11.1.7) are widely 
distributed in plants (chloroplasts, vacuoles and cell walls), 
where they catalyse the reduction of hydrogen peroxide 
(H2O2) to water (Bania & Mahanta, 2012). According 
to Yamauchi et al. (2004), during the lifespan of the leaf, 
peroxidases oxidize the phenolic compounds (mainly 
the ones that have the hydroxyl group at the p-position) 
to form the phenoxy radicals and superoxide anions that 
attack chlorophyll, which is subsequently degraded to 
colourless low-molecular-weight compounds. On the other 
hand, Hörtensteiner and Kräutler (2011) concluded that 
peroxidative or photooxidative activities, suggested to be 
active in Chl breakdown, are irrelevant in vivo. However, 
the mechanism of chlorophyll degradation through phenolic 
compound oxidation by peroxidase is still unclear. 
To date, little has been published on the changes in 
foliar pigment during the annual cycle of plants. The aim 
of this paper was to investigate the chlorophyll (a and b) 
and carotenoid content and ratios in the leaves of four Vitis 
vinifera L. table grape cultivars in the main phenological 
stages of the plants. In parallel, the purpose of this study was 
to compare the chlorophyll content of vine leaves determined 
through destructive and non-destructive methods and to 
provide relevant clues regarding photosynthetic pigment 
degradation. 
Given the importance of chlorophylls and carotenoids 
in plant processes, and the signals transmitted by their 
variation, the relationships that occur in their accumulation 
and degradation must be assessed and understood. Data 
also contribute to a better understanding of the behaviour 
of V. vinifera L. table grape cultivars during the annual 
cycle, and to a lesser extent to defining their agrobiological 
characteristics.
MATERIALS AND METHODS
Plant material and growth conditions
Research was carried out on the leaves of four new Romanian 
Vitis vinifera L. table grape cultivars: Gelu (obtained from 
free fecundation of Coarnă neagră seeds irradiated with 
X-rays), Milcov (Coarnă neagră × Muscat de Hamburg), 
Cetăţuia (Crâmpoşie × Frumoasă de Ghioroc) and Napoca 
[Alphonse Lavallée × (Regina viilor × Muscat de Hamburg)], 
growing in the Ampelographic Collection of the University 
of Agricultural Sciences and Veterinary Medicine Iaşi, in 
north-eastern Romania. Grapevines were 15 years old and 
grafted onto the hybrid rootstock Kober 5 BB (V. berlandieri 
Planch. × V. riparia Michx.). Planting distances were 2.2 m 
between rows and 1.2 m between plants, with a half-high 
training system (trunk of 0.7 to 0.8 m), a bilateral cordon, 
and with pruning in fructification rings providing an average 
load of 40 to 45 buds/vine. The rootstock, trellising system 
and vine management were the same for all four cultivars. 
The plants were not irrigated or fertilised. Soil maintenance 
was “black field” (rows without weeds or other cultures) and 
technological operations were specific to industrial vineyard 
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systems (manual pruning and harvesting/mechanised 
spraying, mowing, trimming, tillage when necessary). 
Cultivars were grouped in one plot, one row after another 
(about 180 plants for each row). The plot was planted on a 
slight slope (3%), with southern exposure.
Sample collection
Leaf samples were harvested manually in the morning 
(9:00) from five plants of average vigour and kept on ice 
layers (polystyrene boxes). Plants sampled were marked for 
resampling. Ten normal leaves per plant were collected from 
the current season’s shoots randomly selected from both 
sides of the vine stock. Except for bud burst, when the leaves 
were harvested from the node below the apex, sampling 
was done from the middle third of the shoots, where the 
ampelographic and age variability of leaves was the least 
(Rotaru, 2009). Leaves collected were clean, with the 
petiole attached and with no visible signs of disease or other 
damage. Leaf samples were transported to the laboratory 
on ice within 10 minutes and frozen (-80°C). A part of the 
fresh sample (five leaves per cultivar) was used for scanning 
(biometrical features) and gravimetric analysis. 
The sampling dates were set according to the 
phenological stage classifications proposed by Baggiolini 
(1952) and Eichhorn and Lorenz (1977): bud burst (50% of 
buds at Baggiolini’s stage D; Eichhorn & Lorenz stage 07), 
shoot growth (Baggiolini’s stage F; Eichhorn & Lorenz stage 
12), flowering (50% of flowers at the “anthesis”, Baggiolini’s 
stage I; Eichhorn & Lorenz stage 23), fruit set (Baggiolini’s 
stage K; Eichhorn & Lorenz stage 31), véraison (50% of 
berries starting to ripen, Baggiolini’s stage M; Eichhorn 
& Lorenz stage 35), grape harvest (Baggiolini’s stage N; 
Eichhorn & Lorenz stage 38) and leaf fall (Baggiolini’s stage 
P; Eichhorn & Lorenz stage 43).
Climatic data
Main microclimatic parameters were measured hourly (air 
temperature, soil temperature and air humidity) or daily 
(rainfall and sunshine duration) by means of a weather station 
and AgroExpert® software located near the experimental plot 
(15 to 20 m from the sampled plants). Data analysis showed 
that the winter of 2014 was thermally normal, with average 
temperatures in January and February very close to the 
multiannual ones (-2.0°C compared to the 30-year average 
value of -2.2°C in January, and -1.1°C compared to -0.9°C 
in February). In March and April, average temperatures 
higher than the multiannual values were recorded, with 
3.6°C and 0.6°C respectively. The highest air and soil 
temperature was in August, during the early stages of grape 
maturation (34.2°C and 57.7°C, respectively). September 
was slightly warmer than the multiannual values (15.6°C), 
but did not exceed 17.5°C. In 2014, rainfall was distributed 
irregularly, so there were months with small amounts, like 
February and September, and months when large amounts 
of precipitation were recorded, such as in May (99.6 mm) 
and July (121.7 mm). The amount of rainfall during the 
growing season was 377.1 mm (30-year average 398.1 mm). 
Air relative humidity was comparable to the 30-year average 
(56 to 91%) and sunshine duration was higher in August and 
September, at 282.4 and 246.0 hours, respectively. 
Values of the air temperature, soil temperature and air 
humidity were registered at sampling time (“the sampling 
window”) for further correlation.
Standard analysis
Leaf moisture (%), total dry solids (%) and total mineral 
content (%) were determined on fresh leaves according to the 
International Organisation of Vine and Wine [OIV] (2012). 
Leaf area, length, width and perimeter were measured with 
a portable ADC BioScientific® AM 300 area meter (non-
destructive method). Measurements were made optically 
using a simple scanning process. Both the measurements and 
the scanned shape were stored in the instrument memory and 
transferred to a computer.
Extraction and measurements of photosynthetic pigments
Frozen leaf samples (0.5 g) were ground in a mortar using 
sieved inert sand (Merck, Germany) as grinding aid. Ten 
mL of 99.92% acetone (Chemical Co., Romania) was used 
to extract the pigments from the leaf tissue, according to 
the protocol presented by Lichtenthaler and Buschmann 
(2001). Solid residues were additionally washed with 10 mL 
of acetone 99.92%. The extracts were added together and 
placed in the refrigerator (6 ± 1°C) overnight to complete the 
extraction (Biber, 2007). A small amount (0.5 mg) of MgO
(≥ 40%; Sigma-Aldrich, USA) was added during extraction 
to neutralise the plant acids that cause the formation of 
pheophytin a (Lichtenthaler & Buschmann, 2001). 
After centrifugation (refrigerated centrifuge Nahita® 
2816 model; 3 min, 12 000 rpm), the supernatant was 
transferred into a 10 mm optical path length quartz cuvette 
(Hellma®, made of Quartz Suprasil®). The analytical 
determinations were conducted using an UV-vis Shimadzu 
1700 Pharmaspec® spectrophotometer at the following 
wavelengths: 662 and 645 nm for chlorophyll a and b, and 
470 nm for carotenoids (xanthophylls and carotenes), as part 
of a full scan (400 to 800 nm). Turbidity (haze) was checked 
by measuring absorbance (optical density) at 710 nm. 
The chlorophyll (Chl) and carotenoid (Car) content was 
calculated in mg/g f.w. using the “trichromatic” equations 
proposed by Lichtenthaler and Buschmann (2001) and 
improved by the spectranomics protocol of the Carnegie 
Institution for Science (2011).
Chlorophyll content index
The Chlorophyll content meter, OptiSciences CCM-200 
plus, exploits that chlorophyll has certain distinct optical 
absorbance characteristics. The chlorophyll content index 
(CCI) represents the ratio between transmittance at 931 nm 
and 653 nm. One wavelength falls within the chlorophyll 
absorbance range, while the other serves to compensate 
for mechanical differences such as tissue thickness. The 
values are read directly on the device display, after initial 
calibration. To calibrate the unit or “zero” the instrument, 
the measuring chamber is closed, making sure that is clear 
of any material. The chamber is closed until the release 
arm message is displayed on the screen. Calibration is not 
required between measurements. CCI values were registered 
in the field, on the intact leaves considered for extraction, 
and right before sampling (three measurements for each 
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leaf). The leaves were provided with numbers in order to 
note which CCI values corresponded to each. 
Peroxidase assay
The determination of peroxidase activity was performed 
according to Bergmeyer (1974). The rate of hydrogen 
peroxide decomposition by peroxidase, with guaiacol as 
hydrogen donor, was determined by measuring the rate 
of colour development at 436 nm (UV-vis Shimadzu 
1700 Pharmaspec® spectrophotometer). A peroxidase unit 
(U) represents the amount of enzyme that catalyses the 
conversion of one micromole of H2O2 per minute at 25°C. 
Polyphenol extraction and quantification
For polyphenol extraction, 0.5 g of leaf was extracted in the 
dark by maceration with 10 mL of ethanol 0.1% HCl (v/v) 
overnight at room temperature. The macerate was filtered 
(Buchner funnel; Whatman no. 1) and the solid residues 
were also washed with 5 mL of ethanol 0.1% HCl and 
ultrasonicated (480 sec) (Super RK 31 Bandelin® Sonorex). 
Fractions were added together. The final fresh weight/solvent 
ratio was 1:30 (w/v). 
The total phenolic compounds (TPC) assay was 
performed according to the OIV-MA-AS2-10 method (OIV, 
2012). All phenolic compounds contained in the extract 
were oxidised by Folin-Ciocalteu reagent (Scharlab, Spain). 
The blue colouration had a maximum absorption in the 
region of 750 nm (UV-vis Shimadzu 1700 Pharmaspec® 
spectrophotometer), and was proportional to the total quantity 
of phenolic compounds originally present. A calibration 
curve using different concentrations of gallic acid solution 
was used to express the results as gallic acid equivalent 
(GAE). The conversion equation was: y = 0.8757x + 0.0438, 
where x is the absorbance at 750 nm and y is TPC g/L gallic 
acid (R2 = 0.9910).
Statistical analysis
All data were reported as means of a minimum of three 
replicates, with the standard deviation (±) specified. For the 
analysis of variance ANOVA, two-factor without replication 
test (Microsoft® Excel, data analysis tool) was initiated 
to investigate the statistical significance of the data. The 
method used to discriminate among the means was Fischer’s 
least significant difference (LSD) procedure. Significant 
differences are represented in the tables by letters and 
in the figures by symbols: n.s., *, ** and ***, indicating non-
significant and significant differences for p-values < 0.05, 
0.01 and 0.001, respectively. The partial least squares (PLS) 
regression method was performed using XLSTAT® software 
to construct predictive models. 
RESULTS AND DISCUSSION
Phenology and climatic data 
In areas outside the Carpathians, where summer temperatures 
exceed 30°C and summers are associated with periodical soil 
and atmospheric drought, table grape cultivars tend to start 
the vegetative phase very early, along with a shortening of 
the duration of the phenophase. Table 1 shows the sampling 
dates set for each phenophase according to the international 
phenological stage classifications. Under the conditions in 
2014, bud burst started between 10 and 15 April – about 
three days later than the average of the preceding five years. 
Flowering occurred on the same date for all cultivars studied 
(2014-06-06 to 2014-06-07). The véraison phenophase 
started first in Napoca cv., whilst in terms of grape ripening 
Gelu cv. was the earliest (2014-09-03). The date of leaf 
fall was very similar for all cultivars due to the sudden 
temperature drop that occurs at the end of October. The 
number of days from bud burst to leaf fall was the most in 
Cetăţuia cv. (206), which was created as a cultivar with an 
average vegetative period (Rotaru et al., 2010).
The lowest number of days between two phenological 
phases was from véraison to grape ripening (32 to 36 days). 
The interval between bud burst and flowering lasted from 52 
to 57 days, while that from flowering to véraison was 55 to 
62 days (Fig. 1). 
Variation in leaf pigment concentration is influenced 
by climatic factors (Orlandini et al., 2005). Table 2 shows 
the values of the main climatic parameters measured at 
sampling. Air humidity was very high at the beginning and 
end of the annual cycle. At bud burst, the air humidity was 
about 80%, while it exceeded 70% at leaf fall. 
Air and soil temperature showed high values at flowering 
(early June), of 22 to 25°C, and a maximum of 27 to 29°C 
at grape véraison (end of July), which are considered normal 
temperatures for the development of biological processes 
TABLE 1
Sampling dates corresponding to main phenophases of V. vinifera L. cultivars under the conditions in 2014.
Phenophase
Cultivars
Gelu Napoca Milcov Cetăţuia
Bud burst 04-13 04-10 04-15 04-11
Shoot growth 05-19 05-22 05-21 05-20
Flowering 06-07 06-06 06-06 06-07
Fruit set 06-22 06-20 06-22 06-19
Véraison 07-31 07-30 08-06 08-03
Grape ripening 09-03 09-04 09-05 09-04
Leaf fall 11-01 11-01 11-04 10-30
Number of days until leaf fall 200 204 205 206
Dates reported as month and then day of the month (e.g. 04-13)
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in plants. As expected, the lowest air temperatures were 
recorded at bud burst (6.3 to 8.4°C) and at leaf fall (1.8 to 
7.3°C).
Biometrical and physicochemical determinations
The genotype generates particularities in pigment 
accumulation through the morphology and anatomy of the 
leaves (Hopkins & Hüner, 2009). Petrie et al. (2000) reported 
that leaf area is a factor that limits the photosynthetic 
capacity of plants. However, it must be mentioned that net 
photosynthesis intensity was not correlated with chlorophyll 
content, the differences being related to greater intracellular 
spaces and gaseous conductivity (Patakas et al., 2003). Leaf 
area and perimeter showed a positive tendency until the 
FIGURE 1
Number of days between main phenophases in V. vinifera L. cultivars under conditions in 2014.
TABLE 2 
Values of the climatic parameters registered at sampling. 
Phenophase Parameters
Cultivars
Gelu Milcov Cetăţuia Napoca
Bud burst
Air temp. 8.4 8.8 6.3 7.5
Air hum. 84.0 82.0 80.0 65.0
Soil temp. 12.2 9.2 6.9 8.8
Shoot growth
Air temp. 17.5 18.1 18.1 20.2
Air hum. 60.0 68.0 58.0 56.0
Soil temp. 20.5 21.7 22.6 25.9
Flowering
Air temp. 21.4 20.2 21.4 20.2
Air hum. 71.0 81.0 71.0 81.0
Soil temp. 27.0 26.0 27.0 26.0
Fruit set
Air temp. 18.1 18.1 17.8 18.5
Air hum. 62.0 62.0 65.0 57.0
Soil temp. 23.1 23.1 25.1 25.9
Véraison
Air temp. 24.8 22.0 25.1 23.9
Air hum. 51.0 75.0 52.0 58.0
Soil temp. 29.3 26.8 29.3 28.3
Grape ripening
Air temp. 22.6 20.2 22.7 22.7
Air hum. 50.0 50.0 52 52
Soil temp. 26.4 25.6 25.8 25.8
Leaf fall
Air temp. 5.5 7.3 1.8 5.5
Air hum. 71.0 67.0 87.0 71.0
Soil temp. 7.3 7.6 3.6 7.3
Air temp. = air temperature (°C); Air hum. = air humidity (%); Soil temp. = soil temperature (°C)
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initiation of fruit set (19 to 22.06) (Fig. 2). If the leaf area 
did not differ significantly in the early phenophases, a highly 
significant difference between cultivars appeared in the 
fruit set phase (Fig. 2A). In contrast, leaf perimeter varied 
non-significantly from one cultivar to the other at the same 
phenophase (fruit set) (Fig. 2B). This can be explained by the 
elongation of the mature leaf lamina (funnel-shaped), which 
influenced the total area of the leaves and, to a lesser extent, 
the leaf perimeter. 
A slight decrease in these parameters was registered 
between grape véraison and leaf fall, closely related to 
the subsequent reduction in leaf moisture (R2 = 0.7518). 
Wermelinger and Koblet (1990) showed a constant decrease 
in V. vinifera L. leaf moisture throughout the growing 
season, and this was more pronounced in senescent leaves. 
According to Boyer et al. (1997), grapevine leaf moisture 
varies between 70% and 85%, depending on the age, 
physiological conditions and environmental factors. During 
the annual cycle of V. vinifera L. table grape cultivars, the 
moisture content of leaves decreased between 18 and 24%, 
while the total mineral content increased by up to 3.95% 
(Milcov cv., Table 3). 
At bud burst, the moisture content of the young leaves 
was very similar for all cultivars, with the differences being 
non-significant (p > 0.05). The same situation was found 
for total mineral content at the end of the annual vegetative 
cycle (leaf fall), with non-significant differences being 
reported. Regarding the moisture content of the leaves, the 
highest variability intra-cultivar, determined on the basis of 
the standard deviation (n = 3), was observed in the phase 
of shoot growth. This phase starts in the last ten days of 
May, when, according to Lasa et al. (2012), the vine water 
requirements are lower.
Photosynthetic pigments assay
Chl a presented a minimum value of 0.51 ± 0.02 mg/g f.w. 
at bud burst in Napoca cv. (Fig. 3C) and a maximum of 2.80 
± 0.08 mg/g f.w. at grape véraison in Gelu cv. (Fig. 3A). 
Previous determinations made by Burzo et al. (2005) in the 
leaves of V. vinifera L. cultivars showed that the average 
A
B
FIGURE 2
Variation in leaf area (A) and perimeter (B) during the annual cycle of V. vinifera L. cultivars.
n.s., *, ** and *** indicate non-significant and significant at p < 0.05, 0.01 and 0.001, respectively.
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TABLE 3
Changes in moisture and total mineral content of leaves during the annual cycle of V. vinifera L. cultivars. Mean values with 
standard deviation (n = 3) and significance in ANOVA for p < 0.05 (n.s. = not significant).
Phenophase Parameter
Cultivars Significance
(p < 0.05)Gelu Milcov Cetăţuia Napoca
Bud burst Moisture 83.55±1.76 80.86±1.10 79.17±1.23 80.43±2.31 n.s.
Minerals 0.77±0.11 0.93±0.08 1.05±0.23 0.96±0.14 n.s.
Shoot growth Moisture 80.74±2.19 78.98±1.59 76.32±1.54 78.05±1.44 n.s.
Minerals 1.03±0.06b 1.15±0.10ab 1.47±0.14a 1.31±0.09a *
Flowering Moisture 76.23±1.28 77.48±1.50 75.68±1.08 76.22±1.24 n.s.
Minerals 2.08±0.18ab 1.96±0.09b 2.32±0.21a 1.71±0.07b *
Fruit set Moisture 75.90±0.77a 75.06±1.34a 74.01±1.18a 72.79±0.87b *
Minerals 2.21±0.19a 2.16±0.12b 2.52±0.14a 2.02±0.07b *
Véraison Moisture 73.23±0.99a 74.12±1.14a 70.24±1.08b 71.99±0.47b *
Minerals 2.63±0.18b 2.85±0.14b 3.02±0.13b 3.71±0.11a *
Grape ripening Moisture 64.08±0.91b 68.39±1.19a 62.27±1.31b 71.01±0.84a *
Minerals 4.10±0.47 4.05±1.01 4.21±0.41 3.96±0.24 n.s.
Leaf fall Moisture 62.73±1.11b 64.28±1.09b 61.41±1.90b 67.54±1.23a *
Minerals 4.72±0.91 4.31±0.21 4.61±0.37 4.21±0.12 n.s.
Letters a, b or c indicate statistically significant differences between variables. Values with the same letter are not statistically significant 
(p > 0.05)
content of Chl a at flowering was 1.58 mg/g f.w., increasing 
up to 2.19 mg/g f.w. at grape véraison and decreasing in 
September (1.84 mg/g f.w. at grape ripening). In the present 
study, the concentration of Chl a at véraison was higher, with 
a percentage of between 73.23% (Milcov cv.) and 81.43% 
(Gelu cv.) compared to the bud burst phenophase. As 
determined by the loss in absorbance at 662 nm, a decrease 
in Chl a of between 53.54% and 78.39% was registered from 
grape véraison to leaf fall (September to end of October). 
Chl b showed a similar trend, with maximum values at 
véraison and a further decrease until leaf fall of 29.52% to 
67.44% (Fig. 3, A to D). 
Total carotenoids gradually accumulated until flowering, 
by when they almost doubled their amount, reaching 0.92 ± 
0.09 mg/g in the leaves of Cetăţuia cv. (Fig. 3D). Carotenoid 
accumulation continued until grape ripening; after this point, 
during about two months until leaf fall (01.09 to 01.11), their 
content decreased, with the percentage ranging between 
26.67% (Milcov cv.) and 47.71% (Gelu cv.). It is clear from 
the data analysis that carotenoid degradation began after 
about 30 days from the start of chlorophyll breakdown. 
As reported by Bertamini and Nedunchezhian (2001), this 
phenomenon resulted in the emergence of yellow foliar 
tissues. 
In the leaves of the Cetăţuia and Napoca cultivars, 
the amount of Car exceeded the Chl b content from grape 
véraison (early August), while in the Gelu and Milcov 
cultivars this phenomenon occurred later, at grape ripening 
(early September).
According to the ANOVA statistical test, the Chl a, 
Chl b and Car content of leaves varied significantly during 
the annual cycle of plants under the influence of phenophase 
(p < 0.05), while the influence of the cultivar was non-
significant (p > 0.05).
Chlorophyll content index
Compared to spectrophotometry, CCM-200 plus affords 
fast, reliable chlorophyll content measurements, although it 
does not provide details regarding chlorophyll components 
and ratios (Filimon et al., 2014). According to Van den Berg 
and Perkins (2004), small differences in the structures of 
the two main chlorophylls (a and b) produce differences 
in their absorption maxima, which help in their individual 
assay. This fact can be exploited spectrophotometrically (by 
solvent extraction), but not by a chlorophyll content meter.
The chlorophyll content index (CCI) varied between 
5.60 ± 0.94 (Cetăţuia cv.) and 6.26 ± 0.58 (Milcov cv.) at 
bud burst and increased until véraison (with a maximum of 
22.88 ± 1.24 in Gelu cv.), following the same trend as the 
chlorophyll content of the leaves (Fig. 3). The relationship 
between total extractable chlorophyll (a + b) and CCI 
assayed by non-destructive methods (CCM-200 plus) was 
very significant, with R2 indicating that about 92% (p < 
0.05) of the variation was explained by a linear equation. 
PLS regression was used as an exploratory analysis tool 
to select suitable variables and to identify outliers before 
classical linear regression, building a linear model that 
specifies the relationship between a variable and a set of 
predictor variables (Haenlein & Kaplan, 2004). Using a PLS 
regression prediction (Fig. 4A), the equation of the model 
was: Chl (a + b) = –0.247822 + 0.168892 × CCI (non-
destructive method) (Fig. 4B).
Statistically, the influence of the method used on the 
evaluation of total chlorophyll was non-significant (p = 0.20; 
F = 12.36 > Fcrit. = 1.91). These results are comparable to 
those presented by Steele et al. (2008), who used a SPAD-
502 instrument for the non-destructive estimation of vine 
leaf chlorophyll and its correlation with the total Chl by 
solvent extraction.
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B
C
D
FIGURE 3
Variation in leaf chlorophyll (Chl), carotenoid (Car) and chlorophyll content index (CCI) during the annual cycle of V. vinifera 
L. cultivars: Gelu (A), Milcov (B), Napoca (C), Cetăţuia (D). Error bars represent standard deviation for repeated extractions 
(n = 3) and CCI (n = 5). n.s. and *  refers to non-significant and significant differences, respectively, to the mean at p < 0.05 in 
the ANOVA test.
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Photosynthetic pigment ratios
The Chl a/b ratio presented lower values at the beginning of 
the vegetative period (1.06 to 1.41), increasing progressively 
until grape ripening (Table 4). However, the Chl a/b ratio 
had lower values than those presented in the international 
literature, although comparable with data reported by 
Romanian researchers, of about 1.3 to 1.4 (Acatrinei & 
Andor, 2006; Coţovanu et al., 2012). Therefore, lower 
values of the Chl a/b ratio could be a particularity of some 
indigenous grapevine cultivars growing in the area outside 
the Carpathians with a continental climate and alternating 
hot and cold days, with frequent moisture deficit, especially 
in the hills, which can frequently cause inhibition of the 
photosynthetic processes. On the other hand, according to 
Hopkins and Hüner (2009), photosystem (PS) I typically 
has a Chl a/b ratio of about 4/1, and PS II contains 50 to 
60% of the total chlorophyll, with a Chl a/b ratio of about 
1.2, mostly chlorophyll b and carotenoids (xanthophyll). 
These data, along with those reported by Jiang et al. (2006), 
which shows that only a few functional PS I were developed 
at the initial stages of leaf growth, could also explain the 
lower values of the Chl a/b ratio in the early phenological 
stages of V. vinifera L. plants. According to Keller (2010), 
the amount of photosynthetic pigment in grapevine increases 
with leaf age, reaching a maximum at approximately five or 
six weeks after leaf unfolding, gradually declining thereafter 
in senescence.
At the beginning and end of the active vegetative period, 
the Chl/Car ratio in leaves shows the lowest values due to 
the presence of carotenoids in larger amounts (Table 4). 
Carotenoids serve as light-harvesting pigments, and act 
to protect chlorophyll from the harmful photodestructive 
reactions that occur in the presence of oxygen (Cogdell, 
1985). The values of Chl/Car ratio fall within the published 
range for V. vinifera L. leaf presented by Burzo et al. (2005), 
but are slightly lower than those reported by Young (1993) 
and Bertamini and Nedunchezhian (2003), who found a 
chlorophyll/carotenoid ratio in the range of 3 to 4.
Total phenolic content
Total phenolic content was found to be higher in the leaves 
of red vine cultivars, and it is possible that grape leaves can 
have higher polyphenol levels than the grapes themselves 
(Fernandes et al., 2013). Vine leaves are rich in polyphenols, 
specifically flavonoids, providing UV protection for plant 
cells (particularly chloroplasts) from the damaging effects 
of UV rays (Treutter, 2006). The accumulation of phenolic 
compounds reached a maximum at the initiation of fruit 
set (2014-06-19 to 2014-06-22) for the Gelu (2.97 mg 
GAE∙100/g f.w.) and Napoca (3.18 mg GAE∙100/g f.w.) 
cultivars, and at grape véraison (2014-06-30 to 2014-07-
06) for the Milcov (2.86 mg GAE∙100/g f.w.) and Cetăţuia
(3.08 mg GAE∙100/g f.w.) cultivars. After these phases, the 
content of phenolic compounds decreased until leaf fall, by 
a rate of between 36.79% (Napoca cv.) and 43.36% (Milcov 
cv.), probably due to their degradation processes during 
leaf ageing (Table 5). These findings are in accordance with 
results reported by Katalinić et al. (2009). Schneider et al. 
(2008) showed that, in leaves of V. vinifera L. cultivars 
from Europe, flavonoids decreased considerably after grape 
harvest, and more pronouncedly so in samples taken from 
vineyards that had not been irrigated, as is the case in the 
present study.
Significant differences between cultivars were detected 
only at bud burst (p = 0.014) and flowering (p = 0.041). In the 
other phenophases analysed, the content of foliar phenolic 
compounds varied only slightly between cultivars.
TABLE 4
Changes in Chl a/b and Chl/Car ratios during the annual cycle of V. vinifera L. cultivars. Mean values with standard deviation 
(n = 3) and significance in ANOVA for p < 0.05 (n.s. = not significant).
Phenophase Ratio
Cultivars Significance
(p < 0.05)Gelu Milcov Cetăţuia Napoca
Bud burst Chl a/b 1.21 ± 0.11 1.06±0.09 1.41±0.12 1.18±0.17 n.s.
Chl/Car 3.17 ± 0.24 3.16±0.31 2.87±0.20 3.00±0.34 n.s.
Shoot growth Chl a/b 1.72±0.09a 1.08±0.07b 1.36±0.08ab 1.29±0.10b *
Chl/Car 3.16±0.22b 3.53±0.14a 2.98±0.19b 3.00±0.27b *
Flowering Chl a/b 1.72±0.10b 2.16±0.08b 2.75±0.14a 2.11±0.09b *
Chl/Car 3.35±0.32 3.42±0.37 2.65±0.26 3.42±0.21 n.s.
Fruit set Chl a/b 1.85±0.12b 2.07±0.13b 2.35±0.10a 2.35±0.11a *
Chl/Car 3.59±0.39a 3.71±0.24a 2.70±0.33b 3.52±0.40a *
Véraison Chl a/b 2.17±0.21 1.89±0.17 2.39±0.21 2.09±0.18 n.s.
Chl/Car 4.05±0.40a 3.33±0.31ab 2.67±0.38b 2.82±0.30b *
Grape ripening Chl a/b 2.13±0.11b 2.00±0.19b 2.46±0.12a 2.34±0.14a *
Chl/Car 2.99±0.37 2.74±0.21 2.28±0.24 2.47±0.34 n.s.
Leaf fall Chl a/b 1.40±0.17ab 1.24±0.11ab 1.70±0.09a 1.09±0.12b *
Chl/Car 1.77±0.20 2.16±0.23 1.97±0.28 1.98±0.19 n.s.
Chl = chlorophyll; Car = carotenoids. Letters a, b or c indicate statistically significant differences between variables. Values with the same letter 
are not statistically significant (p > 0.05)
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TABLE 5
Changes in total phenolic content (g GAE/100 g f.w.) and peroxidase activity (U/mg f.w.) of leaves during the annual cycle 
of V. vinifera L. cultivars. Mean values with standard deviation (n = 3) and significance in ANOVA for p < 0.05 (n.s. = not 
significant).
Phenophase Parameter
Cultivars Significance
(p<0.05)Gelu Milcov Cetăţuia Napoca
Bud burst TPC 2.09±0.21a 1.51±0.32b 1.65±0.14b 1.90±0.12a *
POD 0.024±0.002 0.010±0.001 0.022±0.007 0.020±0.001 n.s.
Shoot growth TPC 2.38±0.20 1.91±0.30 1.98±0.11 2.45±0.44 n.s. 
POD 0.038±0.004a 0.019±0.001b 0.033±0.002a 0.029±0.004a *
Flowering TPC 2.89±0.14a 2.19±0.19b 2.50±0.22a 3.01±0.32a *
POD 0.089±0.010a 0.037±0.002b 0.058±0.007ab 0.086±0.005a *
Fruit set TPC 2.97±0.11 2.63±0.74 2.60±0.24 3.18±0.12 n.s.
POD 0.220±0.039a 0.210±0.011a 0.230±0.012a 0.140±0.020b *
Véraison TPC 2.87±0.28 2.86±0.31 3.08±0.40 3.11±0.09 n.s.
POD 0.280±0.040ab 0.510±0.032a 0.310±0.041ab 0.200±0.010b *
Grape ripening TPC 2.71±0.10 2.79±0.51 2.77±0.16 3.10±0.62 n.s.
POD 0.200±0.034b 0.490±0.022a 0.270±0.036ab 0.151±0.060c *
Leaf fall TPC 1.87±0.16 1.62±0.22 1.81±0.27 2.01±0.34 n.s.
POD 0.024±0.009b 0.101±0.007a 0.054±0.002ab 0.050±0.004ab *
TPC = total phenolic content; POD = peroxidase. Letters a, b or c indicate statistically significant differences between variables. Values with 
the same letter are not statistically significant (p > 0.05)
A
B
FIGURE 4
The correlation of total chlorophyll (by extraction) and chlorophyll content index (CCI) assessed by non-destructive methods 
(OptiSciences CCM-200 plus): Partial least squares (PLS) regression predicted the interval (A) and overlapping of trend line 
and equations (B).
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TABLE 7
The correlation of climatic data at sampling with leaf photosynthetic pigments, total phenolics and peroxidase activity.
Parameter Car Chl b Chl a CCI Chl a/b Chl a+b Chl/Car TPC POD
Air temp. 0.6236 0.6938 0.7900* 0.7223* 0.6950 0.7792* 0.4761 0.7866* 0.5385
Air hum. -0.5282 -0.4647 -0.5136 -0.4680 -0.3933 -0.5102 -0.0645 -0.5543 -0.4700
Soil temp. 0.6048 0.6899 0.7929* 0.7461* 0.7133 0.7803* 0.5054 0.8094* 0.5281
Car = carotenoids; Chl = chlorophyll; CCI = chlorophyll content index; TPC = total phenolic content; POD = peroxidase activity; Air temp. = 
air temperature (°C); Air hum. = air humidity (%); Soil temp. = soil temperature (°C). * indicates significant differences at p < 0.05 in ANOVA 
test
TABLE 6
The correlation of the main physicochemical features with leaf photosynthetic pigments, total phenolics and peroxidase 
activity.
Parameters Moi, % TDS, % Min, % Car Chl a Chl b Chl a+b CCI
Car -0.5593 0.5593 0.6763 1
Chl a -0.2090 0.2090 0.3181 0.8776* 1
Chl b -0.2122 0.2122 0.3070 0.7772* 0.9063* 1
Chl a+b -0.2137 0.2137 0.3210 0.8671* 0.9935* 0.9484* 1
CCI -0.2973 0.2973 0.3853 0.8771* 0.9513* 0.8830* 0.9507* 1
TPC -0.1088 0.1088 0.2156 0.7579* 0.8484* 0.7563* 0.8396* 0.8380*
POD -0.2924 0.2924 0.4010 0.7020 0.7072* 0.6882 0.7153* 0.6647
Car = carotenoids; Chl = chlorophyll; CCI = chlorophyll content index; TPC = total phenolic content; POD = peroxidase activity; 
Moi = moisture (%); TDS = total dry substance (%); Min = total minerals (%). * indicates significant differences at p < 0.05 in ANOVA test
Peroxidase activity
Earlier literature showed that chlorophyll and its derivatives 
are oxidised by peroxidases in the presence of phenolic 
compounds (Kato & Shimizu, 1985; Whitaker, 1994). 
Investigations carried out showed that, in the leaves of new 
V. vinifera L. cultivars, peroxidase (POD) activity varied 
depending on biological particularities and phenophases. 
POD activity had the lowest values at the beginning of 
the vegetative period (Table 5). With the formation and 
development of berries, POD activity in the leaves increased 
significantly, reaching the highest values as the grapes 
entered véraison (0.280 ± 0.040 to 0.510 ± 0.032 U/mg f.w.). 
It can be underlined that this was the time when Chl a started 
to decrease in concentration, unbalancing the Chl/Car ratio.
During the annual cycle of plants, a large amount 
of total chlorophyll was always accompanied by a high 
concentration of phenolic compounds (TPC) (r ≥ 0.9327; 
p < 0.05). Strong correlation coefficients were registered 
between POD activity and TPC (r ≥ 0.8013; p < 0.05) and 
between POD activity and Chl a (r ≥ 0.7472; p < 0.05) and 
b (r ≥ 0.8362; p < 0.05) (Table 6). This means that more 
significant peroxidase activity took place in the presence of 
high concentrations of chlorophyll and phenolic compounds 
respectively. 
As previously mentioned by Yamauchi et al. (2004), 
in addition to specific enzyme activity (chlorophyllase, 
reductase, Mg-dechelatase), the degradation of chlorophyll 
via the peroxidase-phenolic compound system appears 
to be possible. Further studies are necessary to clarify the 
mechanism of peroxidase-mediated Chl degradation.
In parallel, it was observed that the dry substance or 
mineral content was not correlated with photosynthetic 
pigments, phenolic compounds or peroxidase activity (see 
Table 6).
Relationships with the environment
Air temperature is considered a dominant factor in foliar 
pigment biosynthesis, controlling the timing of the 
phenophases (Ruml & Vulić, 2005). To function, assimilatory 
pigments need light and moderate temperature (Creasy & 
Creasy, 2009). Moreover, the intensity of photosynthesis 
is optimal for lighting conditions of 50 000 to 60 000 lux, 
and in drought conditions can increase to 60 000 or 90 000 
lux (Popescu & Popescu, 2014). According to Goss (1973), 
the optimum temperature for chlorophyll synthesis is in the 
region of 20 to 30°C. Below 15°C photosynthesis is strongly 
curtailed by an inhibition of sucrose synthesis, while above 
40°C the enzymes involved in the process are destroyed 
(Keller, 2010). 
Climatic data at the sampling time were correlated with 
leaf photosynthetic pigment concentrations, TPC and POD 
activity (Table 7). Analysis of variance (ANOVA) indicated 
statistically significant relationship between air and soil 
temperature and the analysed parameters (at the 95% level 
of confidence).
High air temperature was positively correlated with the 
concentration of Chl a (r = 0.7900) and phenolic compounds 
(r = 0.7866). This is in accordance with Amarowicz et al. 
(2010), who showed that low temperatures can modify the 
composition of phenolic compounds, along with a lowering 
of their content. 
On the other hand, high air humidity appears to act as a 
negative factor in terms of photosynthetic pigment synthesis, 
as the correlation coefficients show negative values. This 
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fact is more obvious in the case of TPC accumulation, while 
POD activity was not related to variations in air humidity. 
CONCLUSIONS
During the annual cycle of V. vinifera L. table grape cultivars, 
chlorophyll a and b showed a continuous accumulation until 
the early stages of grape maturation (véraison), while the 
accumulation of carotenoids continued for about 30 days 
until grape ripening. The Chl a/b ratio had lower values 
at the beginning of the vegetative period and increased 
progressively until grape ripening. Between grape ripening 
and leaf fall there was a significant decrease in the Chl/Car 
ratio based on fast chlorophyll degradation. For V. vinifera 
L. table grape cultivars, grape véraison could be regarded as 
the starting point of leaf (foliage) senescence. At véraison, 
when chlorophyll breakdown has started, peroxidase showed 
the most intense activity, possibly due to the involvement 
in chlorophyll degradation in the presence of phenolic 
compounds. The relationship between total chlorophyll (by 
extraction) and chlorophyll content index (non-destructive 
method) was very significant (R2 = 0.9201; p < 0.05), with 
their variation explained by a linear model. Once this 
relationship is established, the CCM-200 plus can become 
an effective tool in grapevine management. These research 
findings contribute to a better understanding of foliar pigment 
dynamics during the annual biological cycle and in relation 
to the timing of their decline, and to defining the behaviour 
of new table grape cultivars in the mentioned conditions.
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